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(54) MEMBER COATED WITH WEAR RESISTANT FILM 

(57)Abstract 

PURPOSE: To form a film excellent in wear resistance, oxidation resistance, and hardness with superior adhesion by 
coating to form a wear resistant film of specifid thickness containing Al, Ti f N, and C in specific proportions on the 
surface of a base material. 

CONSTITUTION: The surface of a base material is coated with a film of Al, Ti, N, and C by an ion plating method, a 
sputtering method, etc. A film having a chemical composition represented by (AlxTi1-x)(NyC1-y), where 
0.56≤x≤0.75 and 0.6≤y≤1 are satisfied, is formed to 0.8-1 0μm thickness. This film has superior properties 
approximate to those of AIN, with respect to heat resistance and thermal conductivity, because, different from 
conventional (Ti, AI)N composed essentially of TiN, this film is prepared by allowing Ti to enter into solid solution in 
AIN as a nitride of the group lllb metal. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] On a base-material front face (Alx Ti1-x) (Ny C1-y) 

however — Wear-resistant coat covering member characterized by forming the wear-resistant coat of 0.8 to 10 
micrometer thickness which consists of a chemical composition shown by 0.56<=x<=0.750.6<=y<=1. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention relates to the wear-resistant coat covering member which comes to carry out 
covering formation with the adhesion excellent in the wear-resistant coat which was [ degree of hardness / abrasion 
resistance, thermal resistance, ] excellent in the base-material front face in detail about the member as which the 
abrasion resistance which is represented with a milling tool etc. is required. 
[0002] 

[Description of the Prior Art] When manufacturing a high speed tool steel, cemented-carbide-tool steel, etc., forming 
the wear-resistant coat which becomes the front face of a tool base material from nitrides and carbide, such as Ti, is 
performed for the purpose of having excelled performances, such as abrasion resistance, more. As a tool by which such 
a demand is made, mine engineering-works tools, such as abrasion-resistant **** tools [, such as cutting-tool; chips, 
such as a chip, a byte, a cutter an end mill, and a drill, metal mold a die, a roll, and a shearing tool, ]; or a bit, and a rod, 
are known. 

[0003] As the technique of forming a wear-resistant coat in a base-material front face, CVD (chemical vapor 
deposition) and PVD (physical vapor deposition) are known conventionally. However, by the former technique, since 
there was a possibility that it might originate in high temperature processing and the property of a base material might 
deteriorate, as wear-resistant coats, such as a tool, coats, such as TiN formed by the latter technique, etc. were used 
widely. TiN coat demonstrates the function which thermal resistance is good and suppresses the crater of the tool rake 
face by the temperature increase by plastic working and frictional heat at the time of cutting. 

[0004] However, in the field of recent years, for example, a cutting tool, much more improvement in the speed of a 
cutting speed was demanded, and for a certain reason, by the conventional wear— resistant coat which was described 
above, it became what cannot fully respond to this request, severe-ization of a cutting conditions advancing. Or 
severe-ization of a service condition is progressing [ in / various machine fields other than a tool / further / tool / 
mine engineering-works / tool fields other than a cutting tool, for example, an abrasion-resistant **** tool, ] /, and the 
development of the coat in which enhancement, the much more wear-resistant thermal resistance, and the much more 
wear-resistant degree of hardness were further excellent is desired. 

[0005] Then, [** JP,62-56565,A, **J.Vac.Sci.Technol.A4 (6) as which the coats by the ion-plating method or the 
sputtering method (TiAl), such as N, C (TiAl), and CN (TiAl), were proposed as a coat which can respond to these 
requests, 1986. p 2717, and **J.Vac.Sci.Technol.A4 (6), 1986, p 2695, and **J.of Solid — state — Chemistry — 70 — 
1987 — a year — P — 318 — ] — ** — Surface — Engineering — Conf . — ' — 85 — Vol . — III : 197 or paper 44 
and p 1985. and ** German JP.3611492.B A1 — ] . Moreover. **Thin Solid Films, 153 (1987), and p67-74] were 
proposed as a method using cathode arc electric discharge. 
[0006] 

[Problem(s) to be Solved by the Invention] However, there were the following problems in formation of a coat such 
conventionally. 

** it is described as C (TiAl), N (TiAl), and (TiAl) CN by JP,62-56565,A — **** — it stops, and if the proportion of Ti 
and aluminum and the proportion of C and N are adjusted how, there is no clear description about the point what effect 
arises 

**J. Vac.Sci.Technol. and A4 In N (Ti, aluminum), two things of composition of Ti:aluminum=75:25 and 
Ti:aluminum=50:50 are described by p 2717 in (6) year [ 1986 ]. if a solid-solution component describes these 
composition, although it can be expressed as the TiN-AIN solid solution — TiN — basic composition — carrying out — 
AIN — a maximum of 50 mol % — it can be called what dissolved 

**J. Vac.Sci.Technol.A4 p 2695 will have the indication about N (Ti, aluminum) in (6) year [ 1986 ], and the maximum 
content of aluminum is Ti:aluminum=45:55 also in here. 

[0007] ** J.of Solid State Chemistry 70 and 1987 a year and P 318 (1987) — N (Ti, aluminum) — setting — under [ all 
] composition — aluminum — 30at% — it is described that it can dissolve 

** Surface Engineering Conf. '85. Vol.lll : Although there will be an indication about N (Ti. aluminum) also in 197 or paper 
44 and p 1985, this is the same as that of ** in content according to the same author as the aforementioned **. 
** German JP.361 1492.B A1 it attaches and states to target composition — **** — it stops and reference is not 
made about coat composition and the relation of the operation effect 

** Thin Solid Films, 153 (1987), and p67-74] are attached to the whole coat composition, and nothing describes them, 
and they are not ******ing about coat composition and especially the relation of the operation effect, either. 
[0008] In few composition of aluminum content indicated by the above-mentioned ** - **, the high temperature 
conductivity or oxidation resistance of AIN cannot say that it can demonstrate enough so that it can understand from a 
publication of the after-mentioned example about this invention. 

[0009] Then, this invention tends to be investigated in detail about an AIN-TiN system all composition region, AIN tends 
to be considered as basic composition, the weak point of AIN independent composition tends to be improved by 
dissolution of TiN, the composition region tends to be pinpointed, and it is going to offer the wear-resistant member by 
which adhesion was improved [ covering formation ] the coat excellent in abrasion resistance, oxidation resistance, and 
the degree of hardness. 
[0010] 

[Means for Solving the Problem] this invention is the following chemical composition (Alx TM-x) (Ny Cl-y) to a 
base-material front face. 
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however — It is the wear-resistant member with which it comes to cover the wear-resistant coat of 0.8 to 10 

micrometer thickness shown by 0.56<=x<=0.750.6<=y<=1 . 

[0011] 

[Function] In forming the wear-resistant coat of this invention, a metal component is ionized by the arc discharge 
which makes a cathode an evaporation source, and it carries out by the PVD represented at the ion-plating method, 
the sputtering method, etc., for example. Among these, when the case where it carries out, for example by the 
ion-plating method is taken up typically and explained, it is the metal component ionized as mentioned above N2 The 
ambient atmosphere, or N2 / CH4 It is made to react in the ambient atmosphere. It is Alx Ti1-x which consists of the 
purpose composition itself although Ti and aluminum can also be individually used as a cathode, respectively. A target, 
then control of coat composition are easy. Since vaporization of each alloy content in this case is performed in a high 
current region A [ some dozens of ] or more, a composition gap of the cathode matter does not have And 
an ionization efficiency is highly rich in reactivity, and the coat which was excellent in adhesion is obtained by 
impressing bias voltage to a substrate. 

[0012] Thus, composition of the coat obtained (Alx TM-x) (Ny C1-y) 

however — it is 0.56<=x<=0.750.6<=y<=1 — required — desirable — 0.6<=x<=0.7 it is . 

[0013] When the nitride system explained on behalf of this, the solid solution of this invention which consists of the 
above-mentioned coat composition was solid solution which considers AIN-TiN as edge composition, and as a result of 
investigating about various component domains, it became clear [ having the crystal structure which is shown in the 
drawing 1 and the drawing 2 ]. drawing 1 — setting — (P) NaCI type (B1 structure) field and (Q) It is ZnS type (Ur Die 
Zeit type) field, namely, composition within the limits which as for the component domain of this invention has B1 
structure so that clearly from drawings 1 and 2 — it is — AIN — TiN — 25-44 mol % — it is the solid solution which 
dissolved The ground limited to this domain is described below. 

[0014] As a result of coat composition resembling AIN when the amount (x) of aluminum exceeds 0.75 so that clearly 
from drawing 2 , cause elasticity-ization of a coat, it stops obtaining sufficient degree of hardness, and a flank wear is 
caused easily. On the other hand, if x becomes 0.75 or less, a coat will be formed into a high degree of hardness, and 
frank abrasion loss will decrease. Furthermore, drawing 3 is a graph which shows the relation between x and a degree of 
hardness in N (Alx Ti1-x), and when x exceeds 0.75, it understands that a degree of hardness falls greatly. The upper 
limit of x was determined as 0.75 from these. 

[0015] However, in order to demonstrate the high-temperature- oxidation-proof property of AIN effectively, it turns out 
that there is a lower limit which is described below, namely, (Alx Ti1-x). N[however x= 0, and 0. — when change of the 
oxidization increase in quantity to the temperature change at the time of carrying out temperature-up oxidization of 25, 
0.5, and 0.6] by part for 5 degrees-C/of programming rates among the atmospheric air was measured, the result shown 
m drawing 4 was obtained Drawing 4 shows that oxidization start temperature rises as the amount of aluminum 
increases. On the other hand, in order to fully suppress oxidization of the coat by elevation of the edge-of-a-blade 
temperature under tool cutting, it is necessary to reduce the amount of craters by cutting heat. When drawing 4 is seen 
from such a viewpoint, it turns out that it is effective to consider as the composition domain which was rich in AIN 
component as much as possible. Drawing 5 is the graph packed in relation with the value of x, and oxidization start 
temperature in N (AlxTi1-x). In consideration of synthesizing the result shown in these graphs, and becoming 800 
degrees C or more, while tool edge-of-a-blade temperature cuts, oxidization start temperature decided composition of 
800 degrees C or more to be x= 0.56. 

[0016] Moreover, in this invention, the high degree-of-hardness nature (ordinary temperature degree-of-hardness Hv: 
about 3100kg/mm 2) of TiC is exhibited by forming a charcoal nitride. That is, in the empirical formula of this invention, 
the degree of hardness of abrasion resistance [ a large next door and ] improves as the value of y decreases. Drawing 
6 covers [(Ny (aluminumO.65TiO.35) C1-y )y= 0.4, 0.6, 0.8, 0.9, and 1] for a superhard chip (let WC-10% Co be a principal 
component). [ however, ] [ 3-micrometer ] The result which measured the amount of craters of 15 minutes after when 
cutting **-ed material S50C by the cutting speed of 1 70m / min, the feed rate of 0.25mm / rev, and 0.1mm of slittings 
is shown, y is 0.6 so that it may see at this result. If it becomes the following, oxidation resistance will fall and it will 
become easy to cause a crater. y>=0.6 An oxidation-resistant remarkable fail is not seen in the domain. 
[0017] In addition, a thickness is 0.8 so that clearly from the example and the example of a comparison which are 
mentioned later. If abrasion resistance becomes inadequate and 10 micrometers is exceeded on the other hand when it 
is under mum, a crack will become easy to go into the layer itself, and an intensity will become inadequate, it is as being 
naturally understood from the above-mentioned explanation that it is not what is boiled and restricted especially in 
base-material composition, a base-material configuration, intended use, etc. as a wear-resistant covering member of 
this invention 

[0018] Although an example is explained below, this invention not being limited to the following example, marking a front 

and the after-mentioned meaning, and carrying out a design change suitably is included in the technical domain of this 

invention. 

[0019] 

[Example] 

(A) As an example of a cutting tool, the chip was chosen and the following samples were produced. 

Example 1aluminum0.6 Ti0.4 The chip made from a cemented carbide (principal component:WC-10% Co) was attached in 
the substrate electrode holder of the cathode arc method ion plating system used as a cathode electrode. The heaters 
for securing the homogeneity of the wear-resistant coat formation status, such as a base-material rolling mechanism, 
were installed in **** equipment 

[0020] While the bias voltage of -70V is impressed to a base material, carrying out the heating hold of the 
base-material temperature at a heater in membrane formation at 400 degrees C, it is a high grade N2 in equipment. Gas 
is introduced to 7x10-3Torr, arc discharge is started, and it is 4 micrometers of thicknesss to a base-material front 
face. The coat was formed. Measurement of a thickness fractures one in the base material simultaneously attached in 
the substrate electrode holder, and observes and measures a layer cross section by the scanning electron microscope. 
Furthermore, the determination of layer composition analyzed the layer depth orientation by the Auger-analysis method 
per [ which was similarly attached simultaneously ] base material. As a result, there was no concentration change in 
the layer thickness orientation of aluminum, Ti, and N, it was fixed and the peak height of each component element to 
layer composition was N (aluminum0.62Ti0.38). The metal component ratios Ti/aluminum in a layer do not have a 
cathode component ratio and a gap, and can be called ♦♦ » " ♦♦» identity. 

[0021] Example 2aluminum0.7 Ti0.3 Except having used the cathode, membranes were formed on the same conditions 
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as an example 1. The thickness which formed membranes is 3.8. It was mum and was layer composition (aluminum0.7 
Ti0.33) N. 

They are N2 / CH4 as example 3 reactivity gas. Membranes were formed on the same conditions as an example 1 
except having used mixed gas. The thickness which formed membranes is 4.3. It was mum and was layer composition 
(N(aluminum0.61Ti0.39)0.7 C0.3). 

[0022] The following chip sample was created for the comparison. 

The example of sample comparison 2Ti cathode which does not form a coat in the base material of example of 
comparison 1 example 1 is used, and it is N2. Gas was introduced to 7x10-3Torr, and TiN was formed on the same 
conditions as an example 1. The thickness which formed membranes is 4.3. It was mum. 

[0023] Same aluminum0.6 Ti0.4 as the cathode matter used for the crucible in the example 1 as a source of heating of 
example of comparison 3 evaporator using the ion plating system which used the electron beam The solid solution was 
inserted in and the chip made from a cemented carbide was attached in the substrate electrode holder. The heater was 
installed, while the substrate rolling mechanism etc. was installed, in order to secure membranous homogeneity and 
membranous adhesion, having carried out the heating hold of the base-material temperature at the heater in membrane 
formation at 400 degrees C — a base material — the bias voltage of -600V — impressing — the inside of equipment 
— high grade N2 7x10-4 Torr up to — it introduced and membranes were formed to the base material by the 
ion-plating method The thickness could be 4 micrometers. As a result of analyzing a coat by the still same analytical 
method as an example 1, the ratio of concentration of aluminum and Ti was uneven in the orientation of a thickness, 
and the membranous component ratio has not been specified. Especially, concentration of aluminum is observed by the 
interface of a base material and a layer, and it is thought that aluminum carried out vaporization adhesion preferentially 
in early stages of electron beam melting. 

[0024] Furthermore, the following comparison chip sample was made. Each layer composition and thickness are shown. 
Example of example of example of comparison 4 layer composition:(aluminum0.78Ti0.22) N thickness:3micrometer 
comparison 5 layer composition:(aluminum0.42Ti0.58) N thickness:4micrometer comparison 6 layer 
composition:(aluminum0.64Ti0.36) N thickness:0.7 Example of mum comparison 7 layer 

composition:(aluminum0.64Ti0.36) N thickness:1 2micrometer[0025] The following cutting conditions performed the 
cutting examination for 10 minutes using the chip sample obtained by the examples 1-3 and the examples 1-7 of a 
comparison. Frank abrasion loss and a crater depth are shown in Table 1. 

Cutting-conditions: **-ed material S50C cutting speed 1 70m / min feed rate It cuts deeply 0.25 mm/rev. 0.1 mm 



0026] 
[Table 1] 
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[0027] The example of this invention showed the abrasion resistance which was excellent in each compared with the 
example of a comparison so that more clearly than Table 1 . 

[0028] (B) As an example of a cutting tool, the drill was chosen and the following samples were produced. 
Membrane formation was formed in the carbide drill (let WC-8% Co be a principal component) of 46mm [ of examples ] 
phi on the same conditions as an example 1. The layer composition at this time is N (aluminum0.65Ti0.35), and a 
thickness is 4.5. It was mum. 

[0029] The following drill sample was prepared as an example of a comparison. 

Membrane formation was formed in the carbide drill of 86mm [ of the examples of a comparison ] phi on the same 
conditions as the example 5 of a comparison. The layer composition at this time was N (aluminum0.46Ti0.54), and the 
thickness was 4 micrometers. Furthermore, the following comparison drill sample was manufactured. Each layer 
composition and thickness are shown. 

[0030] Example of example of example of comparison 9 layer composition:TiN thickness:5micrometer comparison 10 
layer composition:(aluminum0.64Ti0.36) N thickness:0.7micrometer comparison 1 1 layer 

composition:(aluminum0.64Ti0.36) N thickness:12micrometer[0031] The following cutting conditions performed hole 
dawn using the drill sample obtained by the example 4 and the examples 8-10 of a comparison. It is shown in Table 2, 
using a result as the hole dawn number. 

Cutting-conditions: **-ed material S50C, 13mmt cutting speed 50m / min feed rate 0.2 mm/rev lubrication [0032] by 
the emulsion 
[Table 2] 
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[0033] Compared with the example of a comparison, the steep increase in the hole dawn number accepted, and the tool 

obtained by this invention technique so that more clearly than Table 2 had good abrasion resistance. 

[0034] (C) As an example of a cutting tool, the high-speed-steel drill was chosen and the following samples were 

produced. 

Membrane formation was formed in 56mm phi high-speed-steel drill of examples on the same conditions as an example 
1. It is N (aluminum0.63Ti0.37) and layer composition is a thickness 5.5 It was referred to as mum. The following 
high-speed-steel drill sample was prepared as an example of a comparison. 

TiN was formed on the same conditions as the example 2 of a comparison on 126mm phi high-speed-steel drill of the 
examples of a comparison. The thickness was 5 micrometers. 

[0035] Furthermore, the following comparison high-speed-steel drill sample was manufactured. Each layer composition 
and thickness are shown. 

Example of comparison 13 layer composition:(aluminum0.43Ti0.57) N thickness:4.5 The following cutting conditions 
performed hole dawn using the high-speed-steel drill sample obtained by the example of mum comparison 14 layer 
composition:(aluminum0.63Ti0.37) N thickness: 1 3micrometer example 5, and the examples 12-14 of a comparison. It is 
shown in Table 3, using a result as the hole dawn number. 
!0036] 
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[0037] Cutting-conditions: **-ed material S50C, 10mmt cutting speed 30m / min feed rate 0.15mm / rev lubrication 
Compared with the example of a comparison, the steep increase in the hole dawn number was seen, and the 
high-speed-steel drill obtained by this invention technique so that more clearly than Table 3 by the emulsion had good 
abrasion resistance. 
[0038] 

[Effect of the Invention] Since it is constituted as mentioned above, it differs from the conventional N (Ti, aluminum) 
based on TiN, and this invention is 1Mb. Since it was the coat to which Ti dissolved to AIN which is a group's nitride, the 
outstanding property approximated to AIN is demonstrated about thermal resistance, thermal conductivity, etc., and it 
succeeded in offering the wear—resistant member by which adhesion was improved [ covering formation ] the coat 
which was excellent in abrasion resistance, oxidation resistance, and the degree of hardness as the result. 



[Translation done.] 
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W5t4fa«g^4v\ 

©J. Vac. Sci. Technol.. A4 (6). 1986^, p 2717iCtt 
(T i , A 1 ) N{~;fo^TT i : A 1 = 7 5 : 2 5, T 
i : A 1 = 5 0 : 5 0 OE^Ot>^)^ 2#jfE3££*bT^ 
5o Ctte>^*a«S:B»ft:^-eEi£i-ixtf. TiN- 
AlNBS*i:$at!*5^ TiNSrS*««ttt 
A 1 N#gj^5 O^/oigLfct^tfi^c 
®J. Vac. Sci. Technol. A4 (6). 1986^, p 2695 \£i> 
(Ti, Al) N(:io^TCDf$7r;^£>5^ r^:fc5V> 
T t> A 1 (D*^^#atiT i : A 1 = 4 5 : 5 5 

[0 0 0 7] ® J. of Solid State Chemistry 70, 198 
7 4£.P 318 (1987^) t-te. (T i , A 1 ) N^*5V> 
X x A 1 d5 3 0 at%@g-C!? 5 t Eil 

©Surface Engineering Conf. '85. Vol. Ill : paper 44. 
P 197.1985¥l-t> (Ti, Al) Nfcoi>T<D|5ll^J&S*> 

®K-r^^3611492Al J**— h»figl£f+^-C34'< 

®Thin Solid Films. 153(1987) , P 67-74J te&ffi*&/#£f*: 

r^^ov^r^^fim^brv>4v\ 

[0 0 0 8] lE®-®-ei^^^A 1 ^*T3;<0'>4 

[0 0 0 9] AIN-Ti N^<£#£fifc 

i^o^Tf^ffltCg^ A 1 N£g;«&/S£ L~C A 1 N 

[0 0 10] 

(A 1 x T i l-x ) ( Ny C l-y ) 



(3) 



^¥7- 1 9 7 2 3 5 



{fib 0.56^x^0.75 
0.6 ^ y ^ 1 

-e^£*t5, mzo. 8-i o nm(omm&&&mt>m 

[0 0 1 1 ] 

urn] *mnmmn^m*tej$rr s^t^ot 
7-4^trm*?*'<y? y ^ymmzftrnztiz p vds 

WEcoa^^-^kb^Hfifc^S:. N 2 fi^XiiN 
i &tfA l Sr«ttt^figiJlc*6ffl"t"5Ci: 

(A 1 x Til.x )( Ny Cl-y ) 

fib 0.56^x^0.75 
0.6 ^ y ^ 1 

W:i^|-Cfc^ #*b<H0.6 ^x^0.7 ~C 

[0 0 13] ±SBSBMA^45*^©lS#ft 
wtbSr^btt^-Cf^SUTttWt-Si:. AlN-TiN 

5ri^SP>^ftofc B Bl^JSV^T. (P) UNaC 
13! (B (Q) tfZ n Si (!>^r>f b 

1 Ntd T i Nfl* 2 5 — 4 4^;U%i@L/:@^tfe 

[0 0 14] 0 2d»e>9ie>a*4«fc N A 1 S (x) 
75ft«B*.fi»&tt, jRBBa^^A 1 N{ci5^LT< 5^ 

So JElJiBI3tt, (A lx T i i-x )NK:i3ft5 x£*j!g 
<z>B8«£^^7 x^o. 7 5&mX-Z>tm 

£ 0 . 7 5k feMZo 
[0015] L^LA 1 N<D»S5ffl»{b*M4**a»-* 

7t 0 EP^ (Alx Tii-x)N [fHLx = 0, 0.25, 0.5 

, 0.6 ] #ifi»fi5 l c/#-e#M&SfbL 



fc*^<Oifl«a£fbfc#i-5 BMb**<Dffi{b«:«!)je bfc £ 

3* -»x*«]Bij*©^jfeia«<o±*^j:ajftj«ott(b 

ft«T3*6<!*#*>5. ^©*4«A*&B4-fc*6 
-C*S«0A1 Nril»^*A/*:arit|fiHfci-Swi: 
Mt^S:i:d^^5o B5tt(Al,Tii..)N 

X*^*««a5fflM*K:8 0 O^JEJLi^iSr 

bt\ BMbBBteiBga* 8 0 O t CJ^±om^$rx=0.56i: 

[0016] *fc*»wcji.- mmm&Mtftrz^t 

(aotT i C<DH«S!Ktt (Sia««Hv : ^33 1 0 0 
kg/mm 2 ) S:«»S^:5t©-e*>5o Wtt&Wnmf&X. 

»»«ttnrs]±-f5. Hen. ae^s^ (wc- 

10%Co$:M5>i:t5) (Aloes T i o.ss ) 

(N y Ci-y ) [{0 by =0.4 , 0.6 , 0.8 , 0.9 , 
1] &3Mmfl9IU mWS 5 0 C Sr«J»JjSff 1 7 0 
m/min , i£ 9 5£^0. 25mm/rev , 9 i^^O . 

N'Jbfc^coi 5»»o^ u-*»«*£ffl^bfc*S*«: 
^"f 0 r <D&Wz\^ bihZ «£ 9 y^0.6*^t-45 
ii»»{bttd 5 (g:Tbr ^ u-^*«S:iBr. bS'< 4fi. 
y^0.6 ©ISB-Ctt»IWbttoBl5f4ffiTtt*6ixft 

[0 0 17] ««jfii-S*lfi«Jtrfltlt«^6W6**ft 
/im**c[>»-&fiii8»tttt^+5>i: 
4"9. 0/im^5i;I^(^7^^^At5 

[0 0 18] «THffi«tco^TttW-f 
'g^»b"Caa»H-8C3Ei-5 C tH*«M<oa«WttB 

[0 0 19] 

(A) «0MI*©-Mfc Ltfy^l^ eJLT^KS 
^ftKbfc 

Aloe Tio.4 «r*y-Km«i:-rs*v-Kr-^ 

(±**:WC-l0%Co) SrStf+i* 

[0 0 2 0]«{:^/:otft t»^taotSW 
S^4 0 0ti:W«Lfc^^ It«:-7 0V^ 



(4) 



fttf\¥-7- 1 9 7 2 3 5 



£7 X10" 3 Torr^-C#AU L"CS*f 

W$:tT*o^ 0 t©e*Al, Ti, N©ltt»£#|p]fc. 
BttE/fttt (A 1 0.62 T i o.38 ) N-C*>ofc 0 JK*><£> 

[00 2 1] Hffiffil 2 

Aio.7 Tio.s *y^K^^fcWH UteMit 

RJ— *«=TfifcfltSrfT4ofc. j£ffltLfcJR»*3.8 mat 
fct). ^m^Ji (A lo.7 T io.33 ) N-Cfeo7t 0 
MM 3' 

£0&tt*f*l: U-CNz /CH 4 i**^fe«v^«:K^tt 

4.3 /zm-C^>*?, (A 1 0.61 T i 0.39 ) (N 

0.7 C0.3 ) -e£>o7t 0 
[00 2 2] ItttOfcft^TlE^s/^KSSrfPrtbfc. 

Ti*y-KS:ffl^TNz £ 7 x 10- 3 Torr£-C*A 
LIHB«1 £ "CT i N©fifcM£fTftofc 0 

[00 2 3] ttWJ 3 

-f-fy/SBSrfflv^T, 5olfl:|Slt«l-CttfflLt 
* y- HWiB-©A 1 0.6 T i 0.4 @*£{*:£SlA 



L7t2£, g#K- 6 0 0 V^Wr^flJESrHlADU. 
36firt^S«ftN 2 £7X 1 0-4 Torr ^TSAL^f ^ 

^zri'-?4>rmz±y>mmz.im:&fti£vti. mm 

Oft««:»tfrLfc<e*. AltTi <o«t«Jfc#BW#fil 
MCA 1 *«jfettfcHK«ft#Lfctoi:#*.6>*v5. 

[0 0 2 4] IICTEOitlllfsrTWtllfrtfc. * 

JH*a/$ : (A lo.TS T io.22 ) N 

Ki¥ : 3 m m 

tfct£0iJ5 

JK&A : (A U.42 T io.ss ) N 

: 4 u m 
WJ6 

IK&JA : (A lo.64 T i 0.36 ) N 

mm : 0.7 v m 

Jfc*«7 

Jg£*a/& : (A lo.64 T i 0.36 ) N 
MM : 1 2 jz m 
[0 0 2 5] jllK«l-32SfcWJt»«i — 7^J:"orf» 

mm s 5 0 c 

i2J8'Jj£ SL 17 0 m/min 

i^OiSS 0.25 mm/rev 

£0 0 0.1 mm 
[0 0 2 6] 

imi) 



(5) 



^r*fl¥ 7-197235 





7^ v*«Jifi 






(do) 


( H m) 




ft n7 


c 








iJ o 

// o 




7 
f 


itfSfifll 1 


0.48 


43 


* 2 


0. 15 


18 


3 


0.21 


25 


" 4 


5#TISiH]8t (*»t) 




" 5 


0. 09 


JO 


» 6 






7 







[0 0 2 7lSU^&d»4»C #*9I<©I«60»J 
[0 0 2 8] (B) §JpjijXJ^D— t*Jfc Lt Ky^«r» 
SIJ6#J4 

6m^O (WC - 8 %C o *±S»i: t5)' fi« K y ^ 

ttBAtt (a i o.65 Tio.35 ) N-e*>t), mmm.5 u 

[0 0 2 9] it««2:L-C»:OKy/VK»Srfl3*L*:o 

6mm0 (omm K y MzbtXtM 5 £ [fl— ftfrfcTdUII*:* 
Sit Z<Dbi<<DmmmZ (Alo.46 TIom ) n-c 

[0 0 3 0] Jt«f« 9 
T i N 
5 /i m 

tb«« i o 

(A 1 0.64 T 1 0.36 ) N 

0 . 7 p. m 
tti&#J 1 1 

IM : (A U.64 T i o.36 ) N 
JSM : 1 2 m m 

[0031] mM&\4&TfttMm%- \ oi:ior#f) 

mm S 5 OC, 1 3 mm* 

mnms. 5 0m/ m in 

i£!>i&K 0.2 mm/rev 

[0 0 3 2] 
[*2] 











7100 




ifc<S0l8 


3500 


MM* 


lfc««9 


2100 




ifc&0ij l 0 


810 




tbttP 1 1 


2000 


R 2) 1 



[0 0 3 3] B2 £Vmbfrftm\Z*&W*iiz-(*'ftt,tl 
[0 0 3 4] (C) 9JH'JX*0— LT^XKy/l/ 

mmms 

/&Ltf: 0 ffitadlll (A 1 o.63 Tio.37 ) N-?£>9. jRff 
£5.5 //m^b^ 0 tt&M i: ttft©A>f ^ K y 
Affile Lvt e 
it<8#J 1 2 

[0 0 3 5] JE^T8EOhfc«/N>T ^ K y ^K»*»fPL 
Jt«« 1 3 

W : (A lo.43 T io.57 ) N 
mm : 4.5 nm 

tbttfl i 4 

j^a/& : (A lo.63 T io.37 ) N 
mm : 1 3 /um 

5 SO«tt«« 1 2—1 4 CioTf 
Ky/uK»*fflv\ TE«DH'J*m-J: D^M*t*fTo 



(6) 
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1t. &M&XWim$ibl.X$i3\Z7jk-f. 
I 0 0 3 6 J 









xiims 


2500 




mm 1 2 


600 




ftttM 1 3 


1300 




ItttWl 4 


850 





[0037] mnmw • 

WMtt S 5 .0 C, 1 Omm* 

mnmm 3 0m/min 

i£95S£t 0.l5nnn/rev 

[0 0 3 8] 

T i N£g;fc£: V1t'&X<D <T i , A 1) Ni:Sft 



19. Illb 8©Sft^-e*>5A 1 NMT i j&SHSLTtjK 
«Shfci»»at»»S:ll«t5: fcfiRS) L?h 0 

[131 ] ttWifcJSItS (A 1 X Til-X )( N y C 

i-y ) m& (B<Mdf-cf») i*s*«»<DH««r*w- 

0o 

[02] *3M!fcj3lt5 (A 1 x Til-x )( N y C 

i-y ) m& mitm^itm t^mm^mm^i- 
im3] (a 1 x t i i-x ) ( N y c i- y ) mat mttto 

[04] (A 1 x T i i-x ) ( N y Ci-y ) m& VMCfo 

[0 5] (A 1 x T i 1-x )( Ny Cl-y ) Jfljft (ftfcfe 

[06] (A 1 0.65 Tio.35 ) (Ny Ci-y ) fcLjSI^T 



[01] 



[02] 




9 : Cub i c 

© : C ub i c+tn i nor phase 
(Hcxa.) 

O :Hexa. 




(7) 



!f£Bf)3p7 - 19 7 2 




